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Abstract

contract No. D&28 043 AC 02135 (E)

"N The principal physical condition causing constructional difficulties

in both the 1-3/4 X 3-1/4 inch and 1-1/8 X 1-1/8 inch cell size batteries

ws. the evolution of gas during storage anA discharge. A revision in

seal construction and moisture barrier size reduced the failure rate,

particularly cc the 1-1/8 X 1-1/8 inch cell size.

A protective coating to prevent corrosion of the non-reactive aide

of the anode tg necessary to prevent corrosion of the electrical contact

area of the anode.

A magnesium wafer battery cannot be contained within a specified

dimension due to expansion of discharge products. Provision must be

allowed for this expansion in battery design. Special measures to contain

thi expansion reduces the capacity of the battery.

It should be possible tc build a 1-1/8 X 1-1/8 inch cell size battery

with a 90% aur-ival rate when stored ose month at 160 F.

The Imptdance-Phase Angle measurements, particularly phase angle,

on complete wafer b3-ries ais a potentially useful method of determining

the condition cxi a battery In a non-destructive manner.
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Publications, Lectures, Reports and Conferences

Publications: None

Reports: None

Lectures: None

Conferences:

1. 14 March 1968, outlined progress to date and discussed

contract completion requirements. Held at ECOM, Fort Monmouth,

New Jersey. Attended by Donald B. Wood of the U. G. Army

Electronics Command an4 Hvward J. Strauss and Lloyd W. Eaton

of Burgess.
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Cell and Battery Ccnstructicm

The objectives proposed in the Semi-A nual Report ECO4 02135-5

were as follc.s:

1. Verify thb theory that the contact area protection from moisture

requires complete protection of the non-active sido cf magnesium anode.

2. Datermine the most effective material foz- providing the corrosion

protection of the non-reactive side of the magnes.'un anode.

3. Verify the supposed destructive effect of perchlorate cn rubber

hydrocKloride cell wrap.

4. Qualify PZ2000.21 (Dow) film os a cell wrap material for perchlorete

mix cells.

5. Qualify polyethylene coated ;uper as a cell wrup ms"ýarial for

perchlorate mix cells.

6. rest seamed cans for the 1-1/8" X J-./8" size batterieu, as full

r1 sectiuns of the BB4270/U, for cuntainment of the ce1 .l expansiMn.

7. I)evise a wax proof gas leek aevice, i.e. mie that (.oes not plug

vitii wax durir potting, for 1-1/8" X 1-1/8" bize batter! to relieve the

hyd-ter' s, produced on discharge, that is contained by the sealing in

a fresh baetter.

8. Test methods of redistribating expansion forces in the Ba-4386/PRC-25

flat cell battery employing a cell measuring 1-3/4" X 3-1/14" to allow

ccAtuinment of the battery within ths dAesign limits.

9. Assuming perchlorate battery .oi! ,rsp problems are overcome and

a survivixig battery :,i - wde, determine the delay character.stica of

voltage build-up.



10. T'eat batteries stored at 1450F.

Moisture Protection oC Contact Area

It vae found that if :!ny bare metal exists an the nun-active side

relative to the cell of the magnesium anode corrosion will suirt at this

bare section and proceed under all protective materials surroLmding the

contact area, producing variable corroeicn 'W the contact area and this

in tuni results in slight resistance increase t,.o an effeutively open

circiuit.

The following _zterials and methods were tried to protect the contact

area

i. 11. B. Fuller Co. I1M 113R hot melt adhesive smeared over entire

non-active stde of anode except 1/4 inch diameter '.Lntact area.

2. National Starch 34-3104 hot melt adhesive a;,)lied Mn the same

.iinner.

3. Coast-to-Coast Sjrsy Paint of the follcwing code rumbers without

a primer cost.

a. GFO-o22).''4-8

b- GP-207

c. GP-214

e. CP-2O5

4. Primer- viýay Iaint u•-• tith GP-205 and GFO .-2:2-8 riny paints

a. Ccast-t -c "it, GP-21'4

b, Crcnaý-Iuo.-Coust GP-2iO

c. Terpo Products Co. No. 9-OX0 a)rey ip-ar
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The materials vere tested by making com.lete battery units, storing

for one awnth at 1600.., discharging, and exaninsticu. The relative

results of these anode proteative coatings valld be:

1. H. B. Fuller Co. HM1l3R hot melt -- po

2. Nstimam Mtarch 34-3104i hot melt - - ood, if apl~ied carefully

3. Coast-to-Coast sprj Paint

a. Gpo-22ý-8 go*

b. GP-207 fair, minus

c. GP-214. pooW

d. oP-2M6 fair, plus

a. GP-205 good

4. Primar spray Isint with CP-205 and GPO-2A-8 sp-ay paints

a. Coast-to-Ccsst GP-234 very poor

b. Coast-to-Coost OP-230 good

Tempo Products Co. No. 3-2D000 fair, minus

The effectivetess of the pint ccating is affected by the plckl-g

reses espl•c•ed = th mgesiLua and further york is needed Zo ob4"ta f a

uniftvmly offective conting that iis ety to aPPly. The nature of the

pigment in the paint also affects the ability of the coating to survive

41 a protoctivt costing.

The porcertAege of pip--nt in thM, pale. s.: the parcootite cupouitin

of the pKgmt at the varls points asiqlqred a" as follo•sa-
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GPO-224- 8

Pigment per centage in Ptint 3.T7%

Titanium Dioxide 4o.1 t

Chrome Yellow L8.9 %

Yellow Irom Oxide 9.9 %

Brown Iron Oxide 0.7

Red Iron Oxide 0.4 %

GP-20T

Pigment per centage In point 1.72%

Titanium Dioxide 32.5 %

Iron Blue 6 5

GP-21 4

Pgment per centage in point 1.

Toluidine Red 100. %

GP-206

Pigment per cEntagc in paint 3.-0

C. P. Chrce Yellow .

C. P. Chrcme Ye11•d Med. 9.1

TAanrium Dioxide 36.4

Pigment per -entap In paint 2.10ý

Chr, -e Yeliw Lrx. 466.%

hra-e Green 4ect. 54..
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The Toluldine Red (GP-214) was altered chemically in the cell

during i6o9°. storage and corrosion waz goneralited.

The Iron Blue (GF-20T) would be altered chemically but the effect

would be variabiL fron total failure to isolated spots on a few cells.

Tt e r t in GP-206 was not alter-d chemically but the costing

tene6 t4 be porous and would "lift" fron the anode and allow corrosion

in variable degrees.

Elfect of Perchlorate on Rubber Hydrochloride Film

BA-4386 units were made using 5N perchlorate wetter in the cathode

mix and rubber hydrochlcride cell wrap. Units were stored one month at

i6o0F. and one and three months at 130O1. Careful dismantling of the

units wau performed and the irdividuai cells examined under a microscope

at 16X. Small holes were found just Inside the heat sealed area of the

130OF. samples. The holes ,r3 found to have joined to form a slit-like

-pen=J. in the 160°Y. 3amples that ceould almost be seen with the unaided

eye. Th•fr, openings allowed electrolyte to escape, causing ma3sive

destruction within th6 battery. Apparently the heat of sealing partially

degraded the adjacent rubber hydrochloride film so that the perchiorate

cocld attack the area. The unheated parts of the -!ell wrap apparently

were not affected by the jperchlorate to a detectable degree.

Qualificaticr of PZ2000.2J (Dow) Film

Thii material has '--n foxund to be inert to the effect nf perchiarate

but suffers mechanical difficulties in obtaining an effective nest seal.



Beat sealing produced false meals and hidden extruion-like holes that

wore very difficult to find even unier 16X observation. Because of this

characteristic the material, ty itself, is unsatisfactory, but modification

as a laminate with fther film materials holds promise. A number of battery

units were made and are discussed in other sections of this report.

Qualification of Polyethylene Ccated Paper

This materl~al is not practical in the cell assembly employed. The

heat of sealing damages the ccntinuity of the polyethylene film in the

areas adjacent to the seal. The other non-heat affected areas survive

one month at 160F. in excellent condition. The leakage allcoed by thia

heat seal damage causes massive destruction within the battery.

Beamed Cans for 1-1/8 X 1-1/8 Inch Cell Size Batteries

The rolled seam, ahown as Fig. 4 in appendix and used on both

1-1/8 X 1-1/8 and 1-3/8 X 3-1/4 inch cell size cans, would hold approx-

imately 50$ of the time on 1-1/8 X 1-1/8 cell size batteries. It cannot

be relied upon to contain the batteries within the can due to the ex-

pensive pressure of the discharge products. The seamed cans were also

edge welded to insure cimtainment on most units.

Ges Leak Device

It vas found that the gas produced on discharge is not escaping the

individual cells as thought and being trapped in the wax costed battery
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can but is actually being helc Vithin the Individual calls with the can

restraining the bellowied cell wrap. To be effective, each cell would

require gas lefk device. It was fund that es long as the aischarge

rate did not exceed 0.028 amp/sq. inch, on a contivuous 'oasis, the

electrical contact betwien cells could be maintained by adjunting the

obegree of ccmpressica.

Coctainment of Ba-4386 Battery

It was found to be impossible tV ccutain a unit vithin the specified

design limits. The most successful method found in restricting the expansion

was to weld 1/l X 1/8 inch sePel bars across tho ends of the battery can,

two bars per end equally spaced. Seven units were mede in t-is manner.

Three suffered sam heat damage due to the velding and shorted. The

rasultant gas pressure caused the can seam to yield. and the cell wrap

exploded. Three, on discharge, ruptured the welds or tore the metal oZ

the can. Only tee was totally restricted, The capacitles of the restricted

units is noticeably less than the eqidvelent unit in which the oly

.,wstricticn is the can cover itself. It would appear that to operate

properly magnesium flat cell batteries ast be allcwed a degree of restrained

expansion. Too much ex1ansicn roco, i.e. addition of fibrous material

or balsa wood, or too little per above experiment reduces the capacity.

A possible explanation is the physical nature of the discharge product

on the anode. If too much room is allowed this product is bulky and

voluminous and causes too much saparatioc in the cell increasing cell
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resistance. In excessively restrained uaita this product becomes hard

and compressed, preventing easy access of eleetrolyte to the anode metal,,

again increasing resistance. An example of this effect is shown in the

A sections of fresh Ba-4386 batteries using perchlorate mix.
2

Capacity in hours to 10.0 voltsI9.0 volts

Unit 1 Unit 2

Standard can construction 71.5/14.1 72.5/'8.3

Restrictive bars 56.9/65.5 56.8/64.5

Fibrous pad 57.9/60.0 33.3/33.4

The use of 1/4 inch thick sponge rubber provided such eash expansion

that the gas evolution or discharge separated the current collector from

the cathode, c~iaig an ,pen circuit to appear shortly after placing the

battery on discharge.

Cell Integrity

The dominant mode of failure in both the 1-3/4 X 3-1/4 inch and

1-1/8 X 1-1/8 inch cell sizes was a degree of shorting of physical

destruction due to the presence of free electrolyte outside the cells.

With the excepticn of the PZ-2000.21 a film poor seal performance was

inadequate to account for the per'sistent appearance of this electrolyte

so microacopic examinatica of the 1600F. stored units was undertaken to

try to trace the source of this leakage. The effect of this leakage -M

the 1-3/4 X 3-1/4 inch cell size batteries was much more severe than the

effect x the 1-1/8 X 1-1/' inch cell size batteries and perchlorate units

4.



suffered mare than bromide units.

An indication of the difference in severity of damage between the

bromide and perchlorate units, with the construction described In ECOC 02135-5

and shown in Figs. 1i, , and 3 of this report, i.e. hot melt ring seals

and anode size moisture barriers, is shown in Table I (bromide 1-1/8 X 1-1/8

cell size) and Table V (perchlorate 1-1/8 X 1-1/8 cell size.)

The first changc to improve this performance was to reduce the size of

the moisture barrier to 19/32 inch diameter. The effectiveness of this change

is shown in Table II (bromide) and Table VI (perchlorate) as cmnpared to

Tables I and V.

Microscopic examination of the units in Tables I, II, V, and VI

(1-1/8 X 1-1/8 cell sle) and Tables !X, X, XIII, and XIV (1-3/4 X.3-1/

cell size) eventually produced a consensus as to the primary source of this

leakage. It appears that the plasticizer present in the cathode current

collector material migrates, at 16001., into the hot melt ring seal between

the collector and cell wrap. This alteration of the seal and the pressure

of the gas produced on storage would force the seal allowing some electro-

±.ite to escape during storage damaging the batteries. Further electrolyte

is forced out of the now porous seal by the gas pressure generated during

discharge adding to the damage.

The second change in cell construction was the replacement of the hot

melt ring seal betucen the cathode current collector and cell wrap with

3-K Company's No. 666 adhesive tape the same size as the cathode current

collector. Holes were provided for contact to the current collector.

The effect of this change on the 1-1/8 X 1-1/8 cell size units is shown
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as Series 1 and 2 of Tabl'e III (bromide.)

This change totally stoppad the leakage occurring at the cathode

current collector seal but caused an increase in failure rate on discharge

due to disconnection of the current collector in one or more cells by the

pressure of the gas generated on discharge. The rint seals had, ap•arently,

provided a farm of gas leak. The ccmpression was iacreased by e ther

cutting the battery can down in size or J ncreasing the cathode mix con.,ent

approximately 4.5%. This effect is shown in Table III, series 3-6, m-ablen

VII, VIII (1-1/8 X 1-1/8 cell size) and Tables XI and XV (1-3/4 X 3-1/4

cell size.)

Corrosion of the anode contact reappeared in the units employing the

tape seal between the cathode current collector and cell wrap. Careful

examination of cells fro these units indicated that the hot melt ring

seal between the anode and cell wrap was now being forced by thn increased

gas pressure, during storage at 1600F., due to seal improvement on the

collector. This effect was largely confined to the 1-3/4 X 3-1/4 cell

size. The 1-1/8 X 1-1/8 cell size apparently did not produce enough

gas on storage to cause this damage to any degree.

The third change in cell construction was to replace the ring sial

on the painted anode with a 1 X 1 inch piece of No. 666 tape. This tape

raal between the cell wrap and anode and cur-ent collector totally stopped

leakage at these points. Any leakage found in these units resulted fran

true heat seal failure of the cell wrap. Units made in this manner are

listed in Tables IV and VIII (1-1/8 X 1-1/8 cell size) and Tables XII and



XVI 134X 3-1/ cl .sie.)

Phase Angle and Imnedance

Very late in the contract period a Hewlett-Packard Vector Impedance

Meter Model 4800A was obtained to study the phase angle and impedance

characteristics of the ?*-4386 units, the purpose being to determine

the condition of the battery before and after storage by nan-destructive

means. Although the data is limited, the results are favorable and

indicate that the impedance-tiasa angle measurements, and particularly

the phase angle, can be correlated, to a degree, with various conditions

within a battery.

As noted in earlier sections of this report, leakage of electrolyte

was the bingular most serious source of failure and a non-destructive

meane of detecting this leakage end locating the source was one of the

prime objectives of this work.

The data, indeed, did point to a caon characteristic for batteries

with leakage that separated them from normal units. This characteristic

is a marked downward deviation of the phase angle from tolerance limits

establiuhed for normal units without leakage. The tolerance limits

were determined by the pragmatic method of measuring a number of units.

All fresh units showing this deviation destroyed themselves during storage

at 1600Y. The impedance measurements seemed to have intuitive value

but were difficult to tie in specifically to any particular condition.

There appeared to be sace correlation of the impedance to electrical

contact between cells and dryness of the cathode.
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The phase angle of units, after storage one month at 160OF., showed

deviation from the fresh state when leakage occurred during storage.

Units that show little or no deviation from the fresh norm could be

expected to perform properly. Units with deviation ran poorly compared

to non-deviant units.

The impedance increased generally after storage more so at the

lower frequencies. Bromide electrolyte battery impedzsF is were generally

higher than perchlorate electrolyte batteries. Severe impedance increase

after storage with little phase angle deviation usually indicated corrosion

of the electrical contacts on the anode.

The Hewlett-Packard Model 4800A Vector Impedance Meter is provided

with a direct measurement plug-in that allowe an external circuit that

is to be measured to be applied directly to the instrument and phase angle,

impedance, resistance and capaciance or inductance can be read directly

on meters incorporated in the instrument. The frequency is adjustable

over 5 HZ to 500 KHZ in five bands. Frequencies beyond 10 KHZ were of

no value in this work. The nature of the instrument is such taat the

DC voltage of the battery must be blocked so a 20,000 WFD capacitor

was interposed between the test batteries and instrument. The imedaice

of this capacitor is of no consequence in the readings. There is a phase

angle shift resulting frcm this capacitor, but it is essentially constant

over the range and does not seem to affect the interpretations of the.

battery results. The instrument is such that the frequency can be

swept by an external oscillator over a given decade and the impedance

and r•hase angle, through an analog output that is provided, reed out
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on an oscilloscope end the trace photographed. Due to the appl-cation

being a little uneisusl for the equipment, acme difficulty vas experienced

in its operation and adjustment and a modification of the meter was

required, This limited its use during the contract perind to manual

adjustment of the frequency and the pericd of time avasI •ble for measure-

mnta yvs too short for extensive data.

The meter supplies a test signal to the unknown circuit less than

2.2 millivolts MG in the range employed. The current of the injected

signal is held constant by the meter's circuitry and the impedance is

directly proportional to the voltage. The phase angle is determined

within the meter by circuitry that compares the signals from the voltage

and current channels.

The fresh brtaide mix units of Series 5, Table XI and Series 2,

1Able XII vere measured for impedance and phase angle at various fre-

quencies. The plhase ang2e char:teristic of the series is represent-

ed by the following average values with the tolerance deviation sread

including every unit measured excet Unit #1 of Series 5, Table XI.
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A Bectizon

Vrequency - Rz Average Tolerance
Phase Angle Plus minus

30 770 2o 20

40 75 3 3
60 72 5 5
80 69 T 4

IOO 67 6 4
200 60 8 6
400 5o 10 8
600 42 10 9
800 37 10 8

IK 33 9 6
S24 8 6
5YK 13 6 4

A3 Section

Frequency - Hz Average Plus Minus
Phase Angle

30 750 50 3
40 7!4 4 5
60 69 6 4
80 67 6 6

100 63 7 6
200 51 9 8
400 38 11 9
600 31 7 9
800 24 9 7

1K 21 7 6

2Y 11 7 5

5K Inductive --- ---



The A2 section tolerance deviation spread of the fresh tromide

units is shrwn in Figure 5 as two solid lines.. The cross points repre-

sent the fresh phase angle value of the first battery of Eerie$ 5,

Table XI. This unit was the only unit of the two series with a serious

d.evistion outside the tolerance limit. The unit destroyed itself within

one veek whn atcred at 1601P. The deviatioun was caused by leakage of

electrolyte. This unit did not show any variation from the norm in

either voltage or current producing ability. The A1 section values of

the same ,mits are plotted in Figure 6 with the cross point v&2.'s of

the above noted unit #1 of Series 5, Table XI. The leakage source would

appear to be in the A2 section.

The units of Series 5, Table XI were measured for impedance and phase

angle after storage for one month at 160°F. Uiits 2, 4, 5, and 6 showed

open circuit in the A2 section. These units were opened and some leakage

was fotmd that had corroded the A2 positive lead. This lead was replaced

and the units recanned and discharged. Units 3, 7; 8, 9, and 10 A2 sectic

phase angle data is shown as cross points ce. Fie. 7. The t',o soLid lines

are the fresh deviatiou tolerauce limits noted earlier. It will be notid

that very little change occurred in the p*hase angle. Fig. 8 shows the

"me data for the A section of these units. Also little deviation will

be noted. The impedance data noted for the A2 section in Fig. 9 shcws

a significant change had occurred. The two lines for fresh nnd after 16'0 F.

storage encompass every unit of the series and are essentially maxirs

and minima points for the various frequencies. iawinatcon of these unite

showed that the gas pressure, produced during storage and trapped by the

cathode collector tape seal, had forced the hot melt smear seel, allowing
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electrolyte to escape at the electrical contact poin1tci the anoda,

Considerable corrosion of this contect vas found end the free electrolyte

had ceused the A2 positive lead to be destrcyed or so close tobein

destrrved that further action an di scharge coaileted the destruction of

the lead.

The Nhase angle end impedance data for A2 sections cc units at

series 3 Table 12 that yere stored oe maoth ei. l1°50?. is shmon in tie

sa unner in Figs. 10 and U. Due to equipmt not being available at

the tim fresh data yeas not obtained cc these units. The fresh phase

angle data is assumed to be covered by the deviation limits described

earlier in this report. The fresh impedance data is assumed to 'e equivalent

to that of Series 2, Table XII. Acceptance at this fresh data limit

indicates little deviation of paase angle and inpeance occurred during

storage ard the units could be expected to discharge with feasmaable

capacity, which vas tht, case.

The fresh perchlorate units o& Series 6, Table 15 and Series 1 ot

Table 16 were also masured for iqodoace and tAs* angle with the foLlw-

ing average values and tolerance limits.



A B3ction
2

Frequency Er, Average Tolerance
Phane Angle Plus Minus

30 730 20 50
40 72 2 2

60 69 3 1
80 68 1 2
100 66 2 1.

200 61 1 2
400 53 1 1
600 T 3 3
8ow 2 2 3

2 6 4
5K 16 5 4

A Section1

Freq'iency -;i Average Tolerance
Phaei Agle Plus Minus

30 T'40  20 10

S73 1 1
6o 69 2 2
80 66 2 2

2oo 63 2 3
200 54 8 6
1400 42 45
6oo 35 3 1
800 30 4

1K 26 3 5
S1T 5 4
5K Inductive --- ---
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The tolerancs deviation spread a A2 and A1 sections are sham

as solid lines in Figs. 13 and 14. The cross point values are of a

unit from Series 1, Table V. This series failed due to leakage af

electrolyte resulting from faulty IL2000.2.1 heat seals. The voltages

vere normal and nothing appeared amiss at the time. The deviation in

phase angle is severe in both the A2 and A1 s•ctios. The impedance

values of the fresh units did not show this deviation.

The parchlorate units of Series 1, Table 16 and Series 8, Table 15

were masured for impedance and ;base angle after storage for one

Ionth at 1605F. The results of the phase angle maesurements of the A2

sectiona are shma as cross points in plots on Figures 15 and 16 respect-

ively. The deviatim from the fresh values is not great, indicating

little or no leakage. This was substantiated on ezxaination after

discharge. The impedance limits of the A2 sectima of these units both

fresh and after stoange is shon in Figures 1T and 18. It will be seen

foam these plots an increase in impedance had occurred during storage.

The units of Series 8, Table 15 (Fig. 18) experienced failure of the

hot aelt smear seal between the anode and cell wrap and a degree of

cwrouicn vit present an the contacts. Nothing -- ,31d be found to

account for the impadance shift of Series 1, Table 16 units. The most

probable cause is a lack of electtlyte in the mix to carry the unit.

The per centage of alectrolyto had been reduced earlier in the project

to ease 1-ysical problem in construction. The capacities of the units

vera fairly consistent and could ' accounted for by electrolyte shortage.
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1. The ucije.lal canditict causing ccastructi•nl diftic•i•ties vua the

evolutian of pa during storage ad on discharge.

2. w oestim vefer batteries should not be restricted by extraardinary

sum to keep discharged unit vithi&' -. ecificatios. Room should be

allowed for thUl expnsion in the desia.

3. The nmn-r-active side of the waineuam needs protection against corrosion

in order to maintain a clean, conductive location for eloctrical

Contact.

I. A battery vith .1-1/8 1 i-i/8 Inch cell size can be mde with reason-

ably consistemt capabilities.

5. The phase angle and impedance oa a battery at various frequencies

probably is a useful vay of characterizing the condition of a battoory

in a n i-destructive mnner.
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Table XII -- 1-3/4 X 3-1/4 inch Cell Size: Tape Cathode Collector
and Anode Seal: 19/32 inch Moid ture Seal:
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Magnesium Perchlexate Mix A-l7
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1 Mo. • 1600F. A-26
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1 Mo. @ 160 A-27
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9, 10 of Se iei 5, Table XI
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1 mo. * 16001. A-35

Figure 18 -- ImPedance of A Section of

Series 8, Tabl Xv
1 Mo. a 160r. A-3T
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The code employeu in Tables 1 -16 to denote various constructional

features Is as follows:

Code Letter 8ignificance

A Cell Wrap -- rubber hydrochloride

B Cell Wrap -- polyethylene laminated paper

C Cell Wrap -- Dow 1Z2000.21 film

R Anode Coating -- Fuller's HM-113 R seaer

S Anode Coating -- National Starch 34-3104 smear

T Anode Coating -- Spray paint without primer

U Anode coating -- Spray paint with primer



Table I

1-1/8 I 1-1/8 Inh Coll Bize lot Malt Ring 8,513: Anode Site Moisture Seala
lN"uiu Da~de Mix

stcmae Condition: One uit at 1601F.
Dimacbage: 24 cella o 2 .In-18 min. Cyclic Load

serlee Col wrap Coll wrap Cathode Anode Capacity
Cathode Anode weight Protective in Hours

grs.1 call Coating to 29.1 vol~ts

A A 9 B 37.1
A A 9 8 29.8

1 A A 9 5 29.3
A A 9 8 29.1
A A 9 8 29.1

B C 9 8 0
B C 9 8 0

2 B C 9 B 0
B C 9 0 0
3 C 9 8 0

A A 9 5 2.3
A A 9 B 52.1

3 A A 9 a 148.6
A A 9 8 52.3
A A 9 C 53.3

A A 9 T 50.2
A A 9 T 52.6

SA A 9 T "9.7
A A 9 T 53.3
A A 9 T 50.8
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Table n

1-1/8 X 1-1/8 inch ceil sue: got Helt Ring Boals: 19/32 ineb Moisture Beale
WuIhua Brd* Mix

eta-Me O!aiitici: one Iactb at 1600Y.
Digchargel 24 cells cn 2 fftn.-18 ninn. cyclic iced 1168 lm/3211' dim

Series cell Cathode Anode Capacity
Wrap Weight Protective In Icours

grams/cell Coating to 291 volts

A 9 46.1
A 9 T W1.o7
A 9 T 51.3
A 9 T 51.0
A 9 T 51.3

A 9 If 31.14
A 9 T 51.5

2 A 9 T 50.2
A 9 T 51.5
A 9 T 45.0
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Yable III

1-1/0 2 1-1/8 Inch Cell Use •ap oathode cal.ectr seal: 19/32 Inch Moisture Seals
Nmpmesium proade mix

stmvgoe onaGti, lc ue am" at 1.009.

Series Ce1 Cathode Anode No. Cells, Capecity
Wrap Welit Protective Load,

p'ý/ cell Coating Rid Point

A 9 T x
A 9 I

1 A 9 T 3.4
A 9 T x 1.0
A 9 T X 1.3

A 9 T X 36.T
A 9 T x 0

2 A 9 x IiT.2
A 9 T I 46.T
A 9 T x 6.2

A 9 T UX 49.9
A 9 T Ux 52.0

3 A 9 T Ux 52.3
A 9 T xx 52.T
A 9 T UX 0

A 10 T 41 -7.7
A 10 T Ux 49.3

4 A 10 T Ux 47.7
A 10 T Ux 49.3

A 9.5 T x 41.6
A 9.5 T XX 53.9

5 A 9.5 T Ix 28.3
A 9.5 T Xx 28.3
A 9.5 T lx 55.2

S9-5 T Ux 32.3
A 9.5 T xU 32.3

6 A 9.5 T xx 53.6
A 9.5 T Xx 55.3
A 9.5 T xx 49.3

I -.- 2k cells, 2 rin.-18 msn. cyclic load 1168 c*m/3214 cdm end point 29.1 volts.

IX -- 28 cells,, 2 ain.-18 man. cyclic load 1363 chn/3750 ctm, and point 34.0 volts.
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Table IV

1-1/8 X 1-1/8 inch Call Bise: Tape seal, cathode collctor and anods;
19/32 'Ich Moisture Seals
Mine,'.n.u Braido Mix

Stmrae Conditian: One nonth at 16('.
Discharge: 28 cells cn 2 rin.-18 min. Cyclic Load 1363 am/3750 -*a

Series Cell "athcdo Anode Capacity
Wrap woillt Protictive in HNars

gram/cc!, I roating to 34.0 volts

A 9.5 U 50.T
A 5-.5 u 52.0

1 A 9.5 U 46.6
A 9.5 u 52.P
A 9.5 u 51.h
A 9.5 U 9.4
A 9.5 u 0
A 9.5 U 0
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Tabbl1 V

1-1/8 X 1-1/8 inch Con Bises Not Malt Ring 8esli: Anode Bise Moisture Seals
wb"C•iu lOITlato Mix

Btamge CaLditicnn On. Mouth at 160"P.
lU-scharzgs: 211 CslIs cu 2 min.-18 adn. Cyclic Load u68 tm/32 1&o hm

Sweiio Ceil CoLl Wrap Cathode Anode Capacity
wral Anode veight ProtectiTve in Roflr
Cathýae Ovu/ cell Coating to 29.1 Volts

A A 9 R 42.4
A A 9 B 9.0
Ai A 9 R 27.9
A A 9 a 32.0
A A 9 R 38.3

A A 9 a 0
A A 9 a 0

2 A A 9 B 0
A A 9 8 0
A A 9 8 32.3

C 9 8 Fresh 36.6
U C 9 8 0

3 C C 9 8 0
B,- 9 0 0
B C 9 8 0

C 9 R 0
B C 9 R 0

- 9 R 0
B • 9 0 0

B C 9 T o
B C 9 0

5 B C 0 T 0
B 9 T 0
CC 9 T 0

S•J9 7 O.6

C C 9 T 1.3
6 C 9 T 0

C C 9 T I.-

C T 53,6
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Table V (Cant.)

1-1/8 X 1-1/8 inch cell •ze: Hnot Halt RUW Seals: Anode Sise Moaiture Deas
Magnesium Perchlorate Mix

ftaore Candition: One Month at 160 I.
Discharge: 24 cells am 2 min.-18 mnm. Cyclic Load U68 d.m/2- 1 dba

Series celn Cell Wrap C -sa Anode Capacity
Wrap Anode Weigt Protective In Hors
Cathode Oruas/ce• Coating to 29.1 volts

C C 9 0 0
C C 9 8 0

7 C C 9 S 0
C C 9 0 0
C C 9 8 0

C C 9 T 40.8
C C 9 T 56.8

8 C C 9 T 44.0
C C 9 T 0
C C 9 T 0
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?Tbli vi

1-/ -i/B inCh C11 31s*: lot Mlmt Ring Seals: 1913 inch Moisture selsi
lbp aita ibl4 ate mi z 

aBtumage C ,MtIM: One Mamth at 1600.
m a-.cb e: 24 cells C 2 K an.-18 tam . Cyclic lo d 1168 d* /321 dm -

seres CeU Oathod" Anoae capacity
Wrap Weight protective in ours to

v'm/cou Casting 29.1 voltS•-c 9 T h4.9V C 9 T ii5.3
1 C 9 T ki,6

C 9 T 1.9
C 9 T 35.5

C 9 T 1 T.T
C 9 T 43."

2 C 9 T 1.3
C 9 T 1.2
C 9 T 33.1
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/ -ble VII

1- I 1-1/8 Inch Cell Se: Tap* Cathode Collector eal:
19/32 inch Moisture Semis
1bguesim Perchlorate Mix 0

Storage Condition: Onae XMth at 160 7.

Series Cell Cathode Anode No. Cell., Capacity
wrap Weight Protective Load, ad- in Hours

arm=/cell Coating point

C 9 T x 1431
C 9 T 4 13.3

1 C 9 V X 0
C 9 T x 43.3
C 9 T x 43.5

C 9 T X 0
C 9 T 7.3

C 9 T Z 0
C 9 T x 0

C 9 T XX 4To3
C 9 T Xx 31.3

3 C 9 T xX .0.4
C 9 T 1x 35.8
C 9 T IX 0.3

C 9 T Ix 34.0
C 9 T XX 0

14 C 9 T IM 0
C 9 T XX 0
C 9 T II 0

C 9.5 T 1X 2o.4
C 9.5 T 0x•0

5 c 9.5 T rý 28.9
C 9.5 T xl2 13-3
C 9.5 T -X 32.9

1 -- 2 cellsp, 2 min-18 min. cyclic load 1268 (*A/31i4 Chm, 3nd point 29.1 volItS.

IX -- 28 cells, 2 ain.-18 min. cyelic load 1363 cim/3T50 chm, Rnd point 34.0 volts.

4'1 Man. 011450?.
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Table VIII

1-1/8 X 1-1/8 inch 0a 11 et Tape Seal Cathode CollUeftr and Anode:
19/32 inch Moisture Seals
M3aestum Percblorate Mix

Sti•nge Cditticm: aOne Mamth at 160'P.
DiscarGe: 28 cells, 2 .in.-18 mnm. Cyclic Load 1363 dhm/3750 ohm

Serwes Cell Cathode Anode Capacity
wrap We~uht Protective in Haors

gramu/canl Cating to 34.0 volts

C 9.5 U 0
C 9.5 U 0

1 C 9.5 u 0
C 9.5 u 0
C 9.5 u 0
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Table IX

1-3/4 X 3-1/4 inch Cell Size: Not Melt Ring Seals: Anode Size Moisture Seals
Magnesims Bromide Mix

65 gras/cell

Series Cell Anode Storage Capacity Capacity
Wrap Protective Condition A2 lOV/9V A1 2.12 V.

Coting

A R 0/0 25.7
A R 51.0/51.0 51.0

1 A R 1 No. a 16007. 41.9/6o.o 11.0
A R 55.8/75.0 15.4
A R 0/0 0

2 A T 1 Mo. 1300°F. 2.14/41. 1.8
A T 62.7/71.7 100.3

A T 3.4/4.8 25.7
A T 3 Mo. 0 130°F. 0.5/1.7 25.7
A T o.o/o.5 0.5

A R 62.7/87.9 87.9
A R 62.2/83.0 72.0

4 A R 1 Mo. 0 1600F. 5B.o/78.9 58.4
A R 54.0/7T2.0 78.0
A R 65.0/83.2 79.T

A-Il

Table X

19/32 .nch Moisture Beals
See Table IX

A 8 1 Mo. 0 1450Y. 0/0 0
1 A 8 0/0 2.0

A B 0/0 0
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Table XI

1-3/11 X 3-1/h Blue Cells: Tape Cathude Collector Beal: 19/32 Inch Moisture Seels
MngflSum Dromild Mix

65 awnm/coil

BSerie Cell Anode Storae. capacity Capacity
Wrap Potective Conditiona A2  1OV/9V A1  2.12 V

musating

C C T I No. e 160o°. 0/0 0
C T 33.0/96.1 85.1

A T 0.3/1.1 0
A T 0/0 0

2 A T 1 No. @ 160.,. 0/0 0
A T 4.3/17.0 0
A T o.•142.7 0

A T 39.2/68.1 55.0
A T 26.7/58.1 11.9

3 A T 1 M. • i6071. 9.8/68.1 44.o
A T 72.3/79.3 90.0
A T 0/0 0

A T 0.,4/1.6 0
A T 9.0/21.3 0

4 A T 1 Mo. * 16o0. 6.0/19.2 0.7
A T T.4/59.0 1.5
A T 0/0 0

A 8 0/0 0
A a 3.4/13.-4 214.3
A a 24.3/144..4 2.2
A 8 2.7/19.8 10.2

5 A 8 1 N. * 1603Y. 35.6/46.9 45.8
A s 0.5/1.14 18.3
A 8 21.0/362 7.7'
A 8 2. k/7.6 3.4
A 8 2.4/2.5 3.7
A 8 2.8/3.6 33.3
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Table KU

1-3/li X 3-1/l Blse COlls: Tap C*thOde C:olletor and Anod* 8ea"
19/32 inch Ibisture SBeal

Ibnesitum Drouide Mix
65 prmo/cell

Bertl* Cell Anode stmse capacity Capcity
Wrap Protective Cdiji• t A2  IOV/WV A, 2 I2N

Coatimn

A T 70.7/86.3 8.c
A T 57.3/7o.7 25.9

1 A T 1 No. 0 1450,. 58.5 /. 3 51.T
A T ýZ 2/8D. 3 80.9
A T 63.1/80.3 57.1

A U 1.3/21.9 26.3
A u 2.T/55.4 6.1

2 A U 1 m. @ 160o7. 31.6/53.6 31.7
A U 10.8/34.9 0
A U 8.7/29.7 0



1-3/A I 3-IA/ Inc COU s*' N•ot Wlit Kfwtg wlx: kaole 3ie HoIutuxO Dasi
"mpePuau Purwcmi*oe mix

65 paw/ce.Un

series Cnl cu Anode Stozup Oa&•elty Capeity

wrap imWp Proteotive fotitions A2  1OV/9V A1  2.12 V.
Cathode Anod Coating

3 C 3 0/,0 0

c 3 0/ 0

No.C . . 1600. 0oi0 0
c R/ 0

3 C 3 0/0 0

A A N 0/0 0

A A S0/0 0
2 A A i No. 160O. 0/9 0

A A 0/0 0
A A 8 0/0 0

3 A A R 1 g • .130'y. Ob

A A R 0/0 0

. A A R 3 1. 0 1 7. 0/0 0

3c T olo 0
c T o/o 0

3c T 1 go. • 16°0 7. 0/0 0
B c T /O 0
Bc T 0/0 0

B c t 26.0/26.7 T5.T
B C T 33.A/3V.0 32.0

6 3 c T o. e 16o°0. o/o 0
b T o/o 0

c T 0/0 0
7.5 A 15

C C T 11.4 19.0

T c C T i mo. c 36o. 19 22.3
C C T 0 0

C C T 8.1 Z2.3

c c T 38.0/49.0 ,5.2
c c T 5.8/71. 51.3

8 c c T 1 o. a 16o0F. 2.0/ok2.7 1.0
c c T 35.6/49.2 ".8
C C T 19.3/36.7 36.9
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Table In (cmt,.)

1-3/f X 3-1/ Inch C.,, l 6150: Hot *lat Ring 50.10: Anoda 5sze moisture Bos
Mtlnsm ,Percloate Mix

65 gr.ams/Oe11

Series Ceo Cell Ane Storage Calpae1 y Capacity

Vatp Wrap Protective condition A2 1ng/W A, 2.12 V

C~athod~e Anode Coating

9 C C T o. . 160•7. T.2/24.0 0

C C T 31.3/50.6 52.0

C C T 0/0 2.
C C T 0.2/0.5 0

10 C C T 1 M. 16o*,. 21.-/36.o 50.3
C C T 17.2/28.2 11.8

C C T 0/0 0



I
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Table xrV

1-3A X 3-../, tuls 01 Biz:t lot Oalt "aun Beals: 19/32 inch Nolture Soals
nes1m" rbilmo•.se Mix

65 inas/cell

owl" o01 Anode Stor~e Caplacty Capeacty
Vrap proetv Codttlou A 2 1ov/9W A, fV/9V

C T 24.8/33.3 30.3
C T 24.o0131.4 33.4

1 C io. @16o0r. o/0 0
C T 0/0 0
C T 0/0 0

C a 26.3/34.9 20.1
C 8 32.8/1o.3 4.0

2 C 8 1 m4o. o 16o00. 28.3/28.3 4.0
C S 0/0 0
C S 0/0 0

C s 12.14/16.o 0.6
3 C 1M o. o 16o. 11.5/20.3 0

c 8 8.o/8.o 8.o
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Table XV

1-3/4 X 3-1/4 inch Size Cells: Tape Cathode Collector Seal
19/32 inch Moisture Seals

Magnesium Perchl 'ate Mix
65 gram,/cell

Series Cell Anode Storage Capacity C. •-city
Wrap Protective Conditions A2  IOV/9V AI 2.12 V

Coating

C T 0/0 0
C T 0/0 0

1 C T 1 Mo. @ 160°F. 0/0 0
C T 0/0 0
C T 0/0 0

C T 19.0/30.0 35.9
C T 20.6/30.3 45.7

2 C T I Mo. @ 1600 F. 0/0 C
C T o/o 0
C T 0/0 0

C T 5.0/21.0 0
C T 11.8/28.9 0

3 C T 1 Mo. @ 1450F. 1.2/20.9 0.3
C T 13.0/31.3 26.2
C T 0/0 0

C T 0/0 0
C T 01 0

4 C T 1 Mo@ °. - o/O
C T o/o 0
C T 0/D 0

C T 5.5/9.2 26.7
C T 27.4/38.-9 44.3

5 T 1 Mo. @ 160'F. 26.9/35.0 , 45.1
C T 0/0 0
C T O/0 0

C T .3.o/7o.6 771.3
C T 0/0 0

6 C T 1 Mo. @145°F. 0/0 0
C T o/o
C T 010 0
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Teti* XV eCont.)

1-3/4 X 3-1/4 incab Sie Cells: Tap* Cathode 'olleft,) Bereal
1-9/32 inch Moisture Beals
KMaguelum Perchlomte M141

65 grams/cell

BeTie• Cell Anode Storage Calacity ca•pcity
Wrap Protective Con4itions A2  1V /9V A1  2.12 V

Coating

C T 66.T/Tr.o 80.0
C T 7T.1/80.0 84.3

7 C T 48 ,irs. ( 160F. ,74 2/80.0 96 o
C T 74.1/80.0 84.6
C T 0/0 0

C 8 0/0) 0
C 8 11.2/26.1 14.5

8 C S 1 MW, @ 160/. 26.3/49.7 49.7
8 8 5.5/33.3 15.8

C S 25.3/27.8 17.5
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Tabla XVI

1-3/f X 3-1/4 inc4 Uize Cells: Tepe Cathode Collector av4 An'we Seals:
19/32 inch Moisture Seal
Magnesium Perchlorate Mix

65 grams/cell

Series Ceil Anode Storage Capacity Capacity
Wrap Protective Conditions A2  IOV/9V A1  2.12 V

Coating

C U 29.3/141.2 143.0
C U 29.0/31.9 48.o
C c T. i Mo. @ 1607. 28.6,/o..4 47.9
C U 27.7/32.8 T.3
C U 28.5/37.2 41.8
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1. .ettlic Moisture Barrier

2. Inter-c*11 Conzeator

3. Cell. Wrap

4. Adhesive Ring

5. Carlon Cloth

6. Catho.. Mix

T. 54parator

i. Noapermeaole Dot

9. Amoe (Wrntaiu)

10. Adhesive Rixg

Figure I
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*agneiva "'" VWfer Cell

@- -

1. Conductive InterceUl

2. Cell Wrap

3. Adhesive ring (seal)

4. Conductive Carbon Collector

5. Cathode Nix

6. Sopirator

7- IonperUr•sIe Pot

3. Anoda (Magnesiumu)

9. Metallic Moisture Barrier

i]r 1gure 2

F.
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Ibues1iu "T" Wafer Coll

8.Anode (Magnesium)

3. Adhesive ring (gal)

2. Cell Wrap

A. Conductive Contact Material

9. Metallic Molstur Barrier

Figure 3
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FIG 4

ROLLED CAN SEAM

-W 3/ 32

t---3/16-
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Fig - 912

ImpeftneO of A Bectious
Units 3, T, 8, g, 10 ofSerF.. 5

Table XI
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0 rig. 10
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